Five-day-old etiolated cucumber (Cucumis sativus L. var. Alpha Green) cotyledons produced more chlorophyll over a 4-hour illumination period after a prolonged exposure (12 to 72 hours) in the dark to ethylene concentrations ranging from 0.1 to 10 ,ul/l. Intact seedlings and excised cotyledons responded in the same way to this treatment. This effect does not involve a shortening of the lag phase of chlorophyll accumulation. Exposure of cotyledons to ethylene during the illumination period did not produce the same stimulatory effect on chlorophyll synthesis and, under certain conditions, chlorophyll synthesis was slightly inhibited by exposure to ethylene in the light.
main compartment to keep the tissue moist. Five flasks per treatment were used. This operation was carried out under a 'This paper is dedicated to the memory of Samuel I. Hardy whose observations initiated our work in this area. green safelight. The flasks were sealed with rubber serum caps through which ethylene was added with a hypodermic syringe. After a dark incubation period, the flasks were illuminated at 28 C and 240 ft-c as described previously (8) .
Intact Seedlings. Seeds were planted on moist vermiculite in styrofoam cups, 10 cm diameter, 10 seeds to a cup. The cups were either placed for the germination period in rectangular Pyrex dishes, six cups to a dish, with another Pyrex dish of the same dimensions inverted and placed on top, and the two dishes were sealed with masking tape to prevent fungal contamination, or, in the case of longer ethylene treatments, the cups were placed directly in 7-liter chromatography jars fitted with gas-tight rubber gaskets, aluminum lids, and a rubber injection port through which ethylene was introduced with a hypodermic syringe, as described by Hiyodo and Yang (10) . A beaker containing 50 ml of 20% KOH was included as a CO, trap. After the ethylene treatment in the dark, the cotyledons were either excised and placed in Erlenmeyer flasks as described above, or the intact seedlings were placed, in the cups in which they were germinated, in a controlled environment chamber under the same light and temperature conditions as the excised cotyledons.
Chlorophyll Determination. Total chlorophyll a + b content of the cotyledonary tissue was determined by means of an 80% (v/v) acetone extraction as described preivously (8) . Spectrophotometric readings were carried out with a BeckmanGilford spectrophotometer. Absorbance at 700 nm was used as a measure of light scattering, according to Rebeiz et al. (13) .
The results were expressed in p'g chlorophyll per gm fresh weight and ,ug chlorophyll per cotyledon.
Measurements of Carbon Dioxide, Oxygen, and Ethylene Levels. Carbon dioxide and 02 were measured using a Loenco Model 15 A gas chromatograph with a dual thermal conductivity detector. Ethylene was measured in a Loenco Model 15 F gas chromatograph, using an alumina column and a flame ionization detector (10) .
Short Term Illumination. Short term illuminations were carried out in the darkroom with the same 240 ft-c light source attached to an electric timer.
RESULTS

Enhancement of Chlorophyl Accumulation by Ethylene
Pretreatment in the Dark. Excised cotyledons exposed to 0.1 to 10 ,ul/l of ethylene in the dark for 24 hr show an increase in the amount of chlorophyll a + b accumulated after a subsequent 4-hr illumination period (Fig. l a) .
Chlorophyll accumulation was similarily increased in seedlings exposed to 0.1 to 10 ,1l/l ethylene in the intact condition ( Fig. lb) Chlorophyll accumulation likewise increased after exposure to ethylene in the dark in seedlings which were illuminated in the intact condition (Fig. lc) . As in the previous experiment, the seedlings were removed from the ethylene atmosphere before the illumination period.
Thus, the enhancement of chlorophyll accumulation by ethylene pretreatment is not a function of excision, as both intact seedlings and excised cotyledons respond qualitatively in the same way. Chlorophyll accumulation over a 2-hr illumination period following a short term light treatment and a dark incubation period is shown in Figure 6 . Chlorophyll levels obtained in the presence of 10 p,1/1 ethylene were not greater, but, were in fact, significantly lower than the corresponding controls.
Effect of Ethylene
Duration of Ethylene Pretreatment Necessary to Enhance Chlorophyll Accumulation upon Exposure to Light. In order to determine how long an exposure to ethylene is necessary to produce this stimulation of chlorophyll accumulation, different batches of etiolated seedlings were treated with 1 Al/l ethylene for periods ranging from 12 to 144 hrs. The chlorophyll accumulated after a 4-hr illumination period was determined.
In Figure 7 the period of dark exposure of intact seedlings to 1 ,ul/l of ethylene is plotted against the chlorophyll a + b accumulated during a subsequent 4-hr illumination period. All seedlings were 6 days old when they were brought into the light. Even a 12-hr exposure to ethylene causes an appreciable increment in chlorophyll accumulation. The maximal response appeared after 72-hr exposure. the considerable drop, appears to remain well above the concentration necessary for maximal activity of cytochrome oxidase (17) .
DISCUSSION
From the results presented in this paper, the following may be concluded.
1. An exposure of etiolated cucumber seedlings to ethylene in the dark enhances the chlorophyll synthesis obtained on subsequent illumination. This stimulation is not a function of excision since it occurs also in intact seedlings (Fig. 1, curves   a, b, c) .
2. The lag phase of greening is not shortened by treatment with ethylene in the dark, but the rate of chlorophyll synthesis during the rapid phase of pigment accumulation is increased (Figs. 3 and 4) . 3 . With our experimental set-up, a treatment with ethylene in the dark for 12 or more hours (Fig. 7) before the tissue is brought out into the light is sufficient to obtain a stimulation in the rate of chlorophyll accumulation. An ethylene treatment during the 4-hr illumination period does not enhance chlorophyll accumulation (Figs. 2 and 6 ). Ethylene treatments in the light of comparable duration (12-72 hr) were not tested, because of the large amounts of chlorophyll which are accumulated in this tissue upon prolonged illumination. These would presumably mask any ethylene-induced differences in chlorophyll concentrations. By analogy with other ethylene responses (6, 7), it is not unreasonable to think that this tissue would be less sensitive to ethylene in the light than in the dark.
The data reported here are usually expressed on a per gram fresh weight basis. Nevertheless, when the data are expressed on a per cotyledon basis, the results remain qualitatively the same. This is brought out in Figure 4 where micrograms of total chlorophyll are plotted both on a per gram basis (curves a and b) and on a per cotyledon basis (curves c and d). With respect to the ethylene response, curve c bears the same relation to curve d as curve a does to curve b. Moreover, we have never noticed any significant effect of the ethylene treatment upon the fresh weight per cotyledon.
This ethylene response in cucumber seedlings shares some features with other systems previously reported in the literature. (a) The stimulation of greening by ethylene reported here is reproducible only in an atmosphere which is virtually free of CO2. If CO2 is allowed to accumulate, the ethylene response becomes erratic. Under our experimental conditions, in the absence of a CO2 trap, CO2 levels rose to those previously reported as being competitive with ethylene in other systems (3, 12) . (b) The stimulation reported in this paper appears to be dark-mediated under the experimental conditions used. (c) If ethylene is added directly before a continuous illumination period, it has no effect on chlorophyll accumulation (Fig. 2) . Furthermore, if the gas is added before a brief exposure to light, which is immediately followed by a prolonged dark period (Fig. 5) , an inhibition of chlorophyll accumulation on illumination is observed (Fig. 6 ). This inhibitory effect of ethylene on chlorophyll accumulation in tissues which have been exposed to light agrees with the findings of Rebeiz and Crane (personal communication) concerning the inhibition of chlorophyll biosynthesis by ethylene in cell-free plastid preparations derived from fig skin and cucumber cotyledons.
Virgin (14) (15) (16) , using brief irradiation periods and determining subsequent rates of protochlorophyll resynthesis in the dark in etiolated tissue followed by determination of chlorophyll synthesis rates in the light, has established that the rate of chlorophyll a formation is dependent on the rate of formation of protochlorophyll(ide). Although it is not possible to determine protochlorophyll(ide) levels directly during the rapid phase of greening due to the presence of large amounts of chlorophyll a, it can be assumed that the rate of protochlorophyll(ide) resynthesis determines the rate of chlorophyll accumulation during this phase of greening also. From our results (Figs. 3, 4) , it can be seen that there is a correlation between the chlorophyll levels present at t = 0, and the rate of chlorophyll accumulation during the rapid phase of greening. Since we have found consistently that more chlorophyll is formed on brief illumination of ethylene-treated tissues, (t = 0 of Figs. 3 and 4) , possibly more protochlorophyllide is present in these tissues than in the controls. This being the case, it is possible that the effect of ethylene is on the rate of protochlorophyll(ide) synthesis.
In some respects, the experimental set-up used in these studies parallels the events of natural germination. Cucumber cotyledons germinate in the soil. As the epigeous cotyledons emerge, they are exposed to sunlight, chlorophyll synthesis is initiated, and the cotyledons expand.
Before their emergence, the cotyledons are exposed to ethylene from the hypocotyl hook and the apical bud. Thus the promotive effect of ethylene on chlorophyll synthesis demonstrated here appears to be correlated with a natural stage in the life cycle of this plant. To date, the effect of ethylene on greening in other etiolated tissues has not been studied.
It is difficult to speculate at this time as to the mechanism of ethylene action in this system.
